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US Army Corps of Engineers

BUILDING STRONG®



U.S. Army Corps of Engineers

• 9 Divisions

– Support to over 100
countries

• 43 Districts across the U.S.,
Europe, and Asia

Mission: Provide vital public engineering services in peace and war
to strengthen our Nation’s security, energize the economy, and
reduce risks from disasters.
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USACE Stats (FY13)
from Value to the Nation: http://www.corpsresults.us/watersupply/wsfastfacts.cfm

• 420 lakes in 43 states
– hosting 33% of all fresh water fishing
– 4,628 recreation areas

• 80% within 50 miles of a large U.S. city

• 7,829,605 acres of land and 5,630,584 acres of water under USACE
management (~ 2% of all federal lands)
– Hosting 20% of visits on federal lands
– 56,000 miles of shoreline; 90,773 campsites; 2,022 playground sites;

959 designated swimming areas; 9,504 miles of hiking trail; 3,671 boat
ramps; 110,735 marina slips

• 335,293,332 total visits (person-trips) in FY 2012
• 9,779,584 acre-feet of water supply

– 9,359,419 currently under contract (95.7%)
– 7,907.53 mgd yield currently under contract
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USACE HAB IMPACTS

Regional and National
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Historic USACE HAB Activities
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Excerpted from ERDC/TN ANSRP09-1, The Impact of Harmful Algae Blooms on USACE Operations:
http://el.erdc.usace.army.mil/elpubs/pdf/ansrp09-1.pdf



USACE Districts Regularly Reporting HAB Events
and Impacts - 2004
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USACE Districts Regularly Reporting HAB Events
and Impacts - 2007
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USACE Districts Regularly Reporting HAB Events
and Impacts - 2009
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USACE Districts Regularly Reporting HAB Events
and Impacts - 2012
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Summary of National Impacts (FY15)

• Results from the survey Tony is completing
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District Do you have a
District HAB
response
plan/protocol?

HAB Algal Group Percent of Project
experiencing HABs

Area of Impact

Kansas City No1 Cyanobacteria
Dinoflagelates

10 Entire lake, coves open
water

Rock Island Yes Cyanobacteria Coves, open water

Huntington Yes1 Cyanobacteria 5 Coves, open water

Pittsburg Yes1 Cyanobacteria
Prymnesiophyta

15 Limited to coves only
Entire lake, open water

Louisville Yes1 Cyanobacteria 60 Entire lake

Omaha No1 Cyanobacteria 5 Entire lake

Jacksonville Yes1 Cyanobacteria < 10 No Response

Vicksburg No1 Cyanobacteria No Response

Seattle No1 Cyanobacteria 1 Coves, open water

Portland Yes1 Cyanobacteria 25 Entire lake, coves, open
water

St. Louis No Cyanobacteria < 5 Coves, open water

Tulsa Yes1 Cyanobacteria
Prymnesiophyta

40 Limited to coves only
Entire lake, open water



Summary of National Impacts (FY15)

• Across USACE:
– HAB frequency is increasing (Observations > 5 years = stable)
– HAB intensity is increasing (Observations > 5 years = stable)
– HAB duration is increasing stable/increasing (Observations > 5 years = increasing)
– HAB magnitude is stable/increasing (Observations > 5 years = stable/decreasing)
– HAB persistence is stable/increasing (Observations > 5 years = increasing)
– Most observations only in last 2-5 years

• Impacts have included:
– Human illness
– Pet illness/death
– Wildlife deaths
– Reduced visitation
– Negative press reports

• Majority of District HAB protocols developed since 2011
– Omaha – 2003
– Tulsa – 2004
– Portland - 2007
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Impacts from HABs Experienced by
USACE

• Lake closures
– Impacts to economy
– Frustrated public/business owners

• Increased workload and cost to monitor HABs
– Challenges in scaling lake monitoring to ensure public safety
– Has resulted in limiting resources for other public outreach

(Corps’ life jacket campaign, campground maintenance, etc)

• Public education challenges/effectiveness
– Mitigated somewhat by state HAB programs, varies state to state
– monitoring and public notification practices differ from state to

state – this is confusing!
– Need for national perspective and national guidance

• Human and dog illnesses
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Financial Impacts: Grand Lake

Tulsa World: August 29, 2011



Regional Impacts from HABs
Ohio River Basin
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Cecil M. Harden

Salamonie

Brookville

W.H. Harsha

Paint Creek

Deer Creek

Dillon
C.J. Brown

HAB Status
No Bloom
Bloom ‘Watch’
HAB (>20,000 cells/mL)
HAB (>100,000 cells/mL)
HAB (State taking action)
Toxins Present

19-July-2012

Pet deaths
reported
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Roush

Salamonie

Brookville

W.H. Harsha

C.J. Brown

HAB Status
No Bloom
Bloom ‘Watch’
HAB (>20,000 cells/mL)
HAB (>100,000 cells/mL)

29-AUG-2013

Taylorsville

Green R.

Barren R.

Nolin
Rough R.

Patoka

Monroe

Mississinewa

C.M. Harden

Allegheny Res.
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Reported ‘paint spill’
at ORM 84

Toxin
concentration 41

ug/L

AUG SEP OCT

19-AUG

Identified as
Microcystis
aerugenosa
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USACE Airborne Survey
• Orthoimagery - high-resolution, 4-band

aerial images

• ADS80, with RGB/IR at 53cm resolution; 30
degree window

• 18+ hrs flying time

• Images were available within 36 to 48 hours

• The imagery is available on SmartView
Connect
 http://maps.woolpert.com

 Username: jalbtcx

 Password: Airborne2015 18



AUG SEP OCT

Week of
28-SEP

Report of localized algae
near Evansville Water
(ORM 791).

30-SEP RAIN!!!
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Maysville, KY (SEP 22)
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Maysville, KY
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AGENCY COLLABORATION
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State Agency Collaboration
in Oregon

• The State of Oregon Health Authority (OHA) suggests monitoring Oregon lakes
with heavy recreational use.
– Participation in lake monitoring, however, varies across the state.

• Lake monitoring in Oregon has changed over time.
• In 2012, most Oregon lake managers moved to toxin-based monitoring

(developed by OHA) to avoid “unnecessary” lake closures.
– Based on the fact that

A. flos-aquae has not been
known to produce toxins in
Oregon

– This has reduced the
number of lake closures
and negative impacts to local
economies

– Toxin-based monitoring
is supported by the
OHA and is one of four
recommended options
for lake monitoring
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Current Corps’ Portland District Management
of HABs

• The Corps of Engineers Portland District’s management of HABs has
changed in recent years as well.
– Instead of “chasing blooms” the Portland District now focuses primarily on

public outreach and education (reservoirs are posted year-round).
– Portland District no longer monitors for HABs on a regular basis.
– These policy changes prevent public reliance on lake postings/closures and

a false sense of security.

• Satellite monitoring of HABs continues by Corps’ water quality
staff.
– If large bloom is found through satellite monitoring, sampling/testing is

conducted as necessary; information is shared with State Oregon Health
Authority and Corps’ Public Affairs Office.

• Some district partners continue to monitor for HABs on Corps
reservoirs (ex: U.S. Forest Service campgrounds on Corps’
Reservoirs).
– Can be confusing to public.
– Public outreach & education critical!
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State Agency Coordination –
Tulsa District

• In 2004, Tulsa District adopted the WHO guidelines
• Between 2004 and 2011 Advisories and/or Warnings only

issued at Marion and R.S. Kerr Reservoirs (based on WHO
guidelines)

• In 2011 the Tulsa District incorporated the cyanoHAB
response and reporting protocols in its Kansas AOR to those
adopted at by the KDHE (2003 WHO guideline)

• In 2012 the Tulsa District discontinued use of the WHO
guidelines in its Oklahoma and Texas AOR.
– Implemented provisions of SB 259 signed into law on May 22, 2012 at OK lakes

as well as Texas side of Texoma and Pat Mayes lake in Texas
– Continue to follow KDHE cyanoHAB policy in KS

• Advisory/Warning signage no longer posted in OK and TX.
General informational flyer posted throughout the recreation
season

• Continued coordination with ODEQ, OTRD, TCEQ, KDHE
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State Agency Collaboration – Ohio
River Basin

• Division Guidance Memo dated 29-June-2012

– District HAB Plans

• World Health Organization (WHO) Guidelines

• Promote internal and external communication

• Consistency across districts sharing jurisdiction in a
state
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Ohio Basin Status

• OH, IN and KY

– States have HAB response strategies

– USACE supports the state agencies

• Sample collection and analysis (state methods)

• Sign posting (state signs and plan)

• WV and PA

– State agencies in early stages of HAB plan development

– Corps is still following WHO guidance and posting signs
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NEW TECHNOLOGIES
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Molly Reif, Research Geographer, GISP
US Army Engineer Research and Development Center

Environmental Laboratory
Joint Airborne Lidar Bathymetry Technical Center of Expertise

October 8, 2015
Vicksburg, MS

Remote Sensing and GIS to Support Planning &
Operations

Joint Airborne Lidar Bathymetry Technical Center of Expertise



Technical Report: Remote Sensing for Inland Water Quality
Monitoring: A U.S. Army Corps of Engineers Perspective

• Evaluates RS as a tool for
augmenting current water quality
monitoring efforts.
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Water Quality Monitoring: Harmful Algal Bloom
Detection

Support the Great Lakes & Ohio River Division’s
water quality monitoring program

 Assess hyperspectral and other imagery to identify water
quality indicators of Harmful Algal Blooms (i.e. toxic algae)

 Limited resources for monitoring hundreds of USACE
lakes/reservoirs

 RS tools to help prioritize field-based monitoring and provide
early warning system

Approach
1. Coordinated CASI hyperspectral flights and field sampling:

 Taylorsville Lake, KY: June 18 2014

 Harsha (East Fork) Lake OH: June 27 2014

2. Work with the UC and NOAA to develop/refine algorithms to
estimate HAB indicators such as chlorophyll (Bloom Index,
Cyanobacterial Bloom Index, Maximum Chlorophyll Index, etc)
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• Many partners for coordinated airborne and field surveys:
Great Lakes & Ohio River Division, the Louisville District, the Huntington District, The University of Cincinnati,

USEPA, the Kentucky Division of Water, the ERDC Environmental Laboratory, and JALBTCX

Coordinated Field Sampling:
1. Water samples for lab analysis by USEPA
2. ASD spectra to evaluate atmospheric

correction of CASI imagery
3. In situ sensor measurements of Chl-a

indicator, Phycocyanin indicator, Turbidity,
Specific Conductance, pH, water temperature,
and dissolved oxygen

4. Secchi Depth measurements
5. GPS location

SI05 algorithm applied to CASI imagery with pixel
brightness proportional to phycocyanin (proxy for
cyanobacterial or blue-green algal biomass)

Most algorithms suited to CASI due to numerous, narrow bands
well placed for : 1) shape metric algorithms for the Chl-a peak
between 700 and 714nm and 2) determining the slope of the
(aquatic) “red” or “veg” (vegetation) edge
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Harmful Algal Bloom Monitoring in the Ohio River

LRD contacted EL on 9/11 to assist with bloom and improve
situational awareness for the river districts and regional partners

Airborne survey requested for ~700 miles of
river using high-resolution 4-band sensor
(ADS80)
 Survey occurred Sept 16-21 and imagery

provided to LRD by Sept 23 to better focus and
prioritize monitoring and response
 Healthy veg reflects NIR wavelengths appears

red/pink in CIR imagery; algorithms such as
NDCI used to exploit this

Bloom evident in 4-
band imagery
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USACE RESEARCH
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Aquatic Plant Control Research Program

Reducing eutrophication and the prevalence
of harmful algal blooms

Carina M. Jung
Jed O. Eberly

Heather M.K. Smith
Kurt Getsinger

Environmental Lab

ERDC Vicksburg

APCRP Funding FY15-19
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OBJECTIVES

1) Test immobilization platforms for the introduction of phosphate
accumulating bacteria into waterways as a biological means to
remove excess P

2) Assess the efficiency of P removal from test waters and the
regeneration of “clean” cells

3) Develop and test the efficacy of biological filters in influents as
well as open water systems
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Benefits to the Corps and APCRP
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• The USACE is uniquely positioned to take the lead in a novel method for
reduction and removal of phosphorous from freshwater systems in an effort
to curb HAB and hypoxia events.

• This technique has potential for very large scale up, low cost, high profile
environmental stewardship as an ecologically friendly, non-invasive
solution

• If successful, this technique could become patented and marketable, as
well as providing a resource for commercially available phosphorous



Physicochemical Treatment of Cyanobacteria and
Microcystin Toxin by Hydrodynamic Cavitation and

Advanced Oxidation

Afrachanna Butler
Catherine Thomas
Christopher Griggs
Alan Katzenmeyer
Victor Medina

Environmental Lab

ERDC Vicksburg

APCRP Funding FY15-16
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Hydrodynamic Cavitation Treatment

Purpose

• Develop a minimally invasive
means of managing Harmful Algal
Blooms (HABs)

Hypothesis

• Mimicking the treatment technology
of the KRIA is hypothesized to be
effective in cyanobacteria treatment
due to its physical and chemical
mode of action

Rationale

• The mechanism of hydrodynamic
cavitation alone physically destroys
cyanobacteria while chemically
oxidizing microcystin toxins as
cavitation fields produce oxygen
radicals
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Research Objectives

1) Evaluate the effect of hydrodynamic cavitation to remove
cyanobacteria and its associated toxins from water under
various cavitation fields

2) Determine oxygen species generated from the varied
cavitation fields
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FY 16 Tasks
• Continue with cyanobacteria testing to determine the

frequency of treatments needed to prevent algal blooms

• Conduct cavitation treatment with cyanobacteria from Lake
Erie

• Determine oxygen radical species generated from each
treatment nozzle (O2

-/OH- Assays and Electron
Paramagnetic Resonance Analyses)
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Questions?

Photo Courtesy of Rose Reilly Aphanizomenon flos-aquae bloom at Allegheny Reservoir
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